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Dear Sir: 

I, Dr. Pablo Bruguera, hereby declare and state as follows: 

1 . I am currently the Chief Technical Officer at Biokit, S.A. in Barcelona, Spain, a company 
that develops clinical diagnostic reagents, including assays for various blood coagulation 
disorders. I hold a doctorate degree in Biochemistry from the University of Barcelona 
and am a member of the International Society on Thrombosis and Hemostasis. I have 
been and am currently involved in the research, development, and commercialization of 
assays to detect von Willebrand's disease, including Applicants' claimed assay, both at 
Biokit, S.A., and at Instrumentation Laboratory Company in Lexington, MA over the 
course of my career. My curriculum vitae, which includes my educational and 
employment history and a list of my publications and patents, is attached hereto as 
Exhibit A. 

2. 1 am familiar with the subject matter of U.S. Patent Application No. 10/019,740, ("the 
present application") including the claims as presently on file. I understand that the 
earliest effective filing date of the present application is July 5, 1999. The statements I 
am making herein are further to the statements made in my declaration dated August 15, 
2008, submitted in this application. 
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3. Traditionally, the von Willebrand factor ristocetin cofactor activity assay (VWF;RCo 
assay) employs exogenous whole platelets, i.e., from a source other than the patient's 
plasma being analyzed for defects in von Willebrand factor (VWF). The exogenous 
whole platelets agglutinate in the presence of ristocetin when VWF is present in a patient 
sample. 

4. One difference between Applicants' claimed invention and the prior art VWF:RCo assays 
is that Applicants' assay does not use whole platelets. Rather, Applicants' assay uses a 
soluble form or a portion of glycoprotein lb(a) presented by an anti-GPlb(a) antibody to 
detect the VWF ristocetin cofactor activity of a patient sample. Applicants were the first 
to use an antibody-presented soluble form or a portion of glycoprotein lb(a) that is not 
associated with a platelet to detect the ristocetin cofactor activity of VWF (VWF:RCo). 

5. Prior art VWF:RCo assays suffer from high inter-assay and intra-assay variability which 
is represented by high coefficients of variation (CV %), which for prior art VWF:RCo 
assays run as high 20%-40% (see Favaloro, Sem. Thromb. Hemo. (33(4):727-744, (2007), 
"Favaloro II," at p. 730, LH col., 3 rd para., attached as "Exhibit B"). High coefficients of 
variation create a high potential error rate in terms of false positive or false negative 
identification of von Willebrand's disease (vWD) (see Favaloro II, p. 730, RH col., 1 st 
para.). 

6. Further, the prior art VWF:RCo assays are not sensitive enough to reliably and accurately 
detect the extremely low levels of VWF activity that characterize many vWD patients, in 
particular levels below 10-20% VWF (see Favaloro II, p. 730, LH col., 1 sl para.). Given 
that many vWD patients have VWF levels lower than 20% (i.e., 20 IU/dL), even lower 
than 10%, 5%, or even 1%, for example, the inability of the prior art ristocetin cofactor 
assay to reliably detect extremely low levels of VWF activity makes it particularly 
difficult to accurately diagnose these patients. 

7. Since the 1970s when the prior art VWF:RCo was first developed, there has been a 
persistent need for a VWF:RCo assay that addresses the problems with the prior art 
VWF:RCo discussed in paragraphs 5 and 6 above and in paragraphs 6 and 7 of my 
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August 15, 2008, declaration. In particular, a ristocetin cofactor assay with the sensitivity 
to accurately and precisely detect levels of VWF as low as 1% and with satisfactorily low 
coefficients of variation, has been needed since the time that the ristocetin cofactor assay 
was first invented in order to improve the accuracy of diagnoses of all vWD patients. 

8. The sensitivity of an assay is measured by its limit of quantitation (LOQ), sometimes 
referred to as the functional sensitivity. According to the Clinical and Laboratory 
Standards Institute (CLSI), the limit of quantitation is defined as the lowest amount of 
analyte that can be measured with acceptable precision and accuracy under stated 
experimental conditions. Typically, for diagnostic assays, the generally acceptable 
industry standard for precision is 15% CV with accuracy smaller than a stated absolute 
value or a stated relative value. The problem that has persisted with the prior art 
VWFrRCo since its earliest development is its inability to accurately detect low levels of 
VWF (%VWF), i.e., its LOQ is too high. In other words, the prior art VWF:RCo assay is 
unable to accurately and precisely measure low amounts of VWF, particularly levels less 
than 10-20% VWF, resulting in a significant, negative impact on the accuracy of a 
diagnosis of vWD using the prior art assay. 

9. As pointed out by the National Institutes of Health in their 2007 report entitled "The 
Diagnosis, Evaluation, and Management of von Willebrand Disease" ("NIH Report," 
attached as Exhibit B to the Amendment and Response filed herewith), prior art 
VWF:RCo assays, which utilize whole platelets are allegedly quantitative to lower limits 
of 6-12 lU/dL or 10-20 IU/dL, depending on the particular assay reported; however, as 
reported by the NIH, these assays have coefficients of variation of 30% of greater in these 
lower ranges (NIH Report, pg. 27). A 30% coefficient of variation indicates that these 
assays are not precise enough to give accurate measurements at these lower levels of 
VWF, as the generally accepted industry standard for variation in these types of assays is 
less than 1 5%. Accordingly, such assays cannot provide an accurate basis for diagnosis 
as such an error level would significantly and negatively effect the accuracy of a 
diagnosis of vWD. 
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10. Others have been attempting to improve on the prior art VWF:RCo assay since the 
deficiencies enumerated in paragraphs 5-8 above and in paragraphs 6 and 7 of my August 
15, 2008, declaration were elucidated. For example, laboratories have used stabilized 
platelets obtained from suppliers rather than preparing their own platelets in order to 
reduce the variability caused by each laboratory using platelets from different sources. 
Further, laboratories have automated the VWF:RCo assay to reduce error in detecting 
agglutination of platelets, to reduce the time-intense nature of the assay, and to 
computerize the complex series.of calculations involved in measuring platelet 
agglutination to reduce human error. However, none of these efforts to improve the prior 
art VWF:RCo assay has been successful in providing both the needed improvements in 
inter- and intra-assay variability and sensitivity. Until the advent of Applicants' claimed 
invention, the known problems with the prior art VWF:RCo had not been satisfactorily 
addressed. 

1 1 . Applicants' assay has a lower limit of 0.27% VWF with a coefficient of variation (CV) of 
7.9% at that lower limit, meeting the generally accepted industry standards for precision 
and accuracy. In other words, unlike the assays reported by the NIH, Applicants assay 
can precisely and accurately detect levels of VWF as low as 0.27% with acceptable 
coefficients of variation. Applicants' assay meets the long felt need in the art because it 
has an LOQ of 0.27% which is lower than any VWF:RCo assay available prior to the 
earliest effective filing date of this application. This level of sensitivity is at least 30-60 
times lower than the 10-20% VWF lower level sensitivity limit of the prior art VWF:RCo 
reported by Favaloro (Favaloro II, p. 730, LH col., 1 st para.). 

12. I discussed an exemplary commercially available prior art VWF:RCo assay in my August 
1 5, 2008, declaration at paragraphs 9-16. The product specification for this assay 
(attached as "Exhibit C"), which states the coefficients of variation for the assay, 
provides no indication that this VWF:RCo assay can reliably detect levels of VWF less 
than 20%. In fact, the product specification does not provide the lower limit of 
quantitation for this assay. However, based on the coefficients of variation for the 
pathological controls, which typically contain a level of VWF found in a vWD patient, 
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and which are indicated to range from 6.1-16.2% (within run CV) and from 7.6-16.9% 
(total CV), it would not be possible to accurately and precisely quantitate low levels of 
VWF, i.e., below 10-20% VWF, because the coefficients of variation for this assay 
exceed the generally accepted industry standard for precision which is less than 15% CV. 

13. Since my August 15, 2008, declaration, further data gathered (Table I below) indicates 

that the intra-assay and inter-assay coefficients of variation for Applicants' claimed assay 
are still lower than the coefficients of variation for prior art VWF:RCo assays, including 
the 20-40% coefficients of variation reported by Favaloro for prior art VWF:RCo assays 
(Favaloro II, pg. 730, LH col., 3 rd para.). The further data from Applicants' claimed 
assay are based on a 20 day precision study wherein three control levels of VWF, a low 
level pathological control (23% vWF), an intermediate level pathological control (57% 
vWF), and a normal control (103.9% vWF), were run in duplicate twice a day for at least 
20 days. The data are shown in Table I below. 



Table I. 





Pathological Control 
#1 (23% VWF) 


Pathological Control 
#2 (57% VWF) 


Normal Plasma 
(103.9% VWF) 


Within Run CV (%) 


4.8% 


3.5% 


4.5% 


Total CV (%) 


6.9% 


5.6% 


7.2% 



14. The data in Table I show that the within run and total coefficients of variation for normal 
control and pathological control plasma, when assayed according to Applicants' claimed 
method, is still lower than the lowest end of the range of within run and total coefficients 
of variation for normal control and pathological control stated for the exemplary 
commercially available VWF:RCo assay. Applicants improvements in reducing total and 
within run variation indicates that the mean % VWF activity detected across samples 
using Applicants' claimed invention is more accurate, and as a result, a more accurate 
diagnosis of vWD can be made. Accordingly, these lower coefficients of variation 
obtained from Applicants' claimed assay, in comparison to the coefficients of variation 
for the prior art VWF:RCo assays, including the exemplary commercial available 
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VWF:RCo assay I discussed in my August 15, 2008, declaration, demonstrate a 
significant and valuable improvement in reducing the inter- and intra-assay variability. 

15. The improvements achieved by Applicants' claimed invention with respect to the 
improved low level of sensitivity and reduced inter- and intra-assay variation are 
attributable to the use of a soluble form or portion of glycoprotein lb(a) (GPlba) 
presented by an anti-GPlb(a) antibody to detect the VWF ristocetin cofactor activity. 

1 6. As of the earliest effective filing date, Applicants assay was the only known VWF:RCo 
assay with the sensitivity to accurately and precisely detect less than 1% VWF with 
acceptable levels of inter- and intra-assay variability (CV%). Because Applicants' 
claimed invention has the ability to reliably and accurately detect levels of VWF well 
below 1%, i.e., as low as 0.27%, and because it significantly reduces levels of intra-assay 
and interassay variability, the long felt need in the art for an improved assay which has 
persisted in the art since the 1970s is met by Applicants' claimed invention. 

1 7. I further declare that all statements made in this Declaration arc of my own knowledge, 
are true, and that all statements made on information and belief are believed to be true. 
Moreover, these statements were made with the knowledge that willful false statements 
and the like made by me are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code, and that such willful false statements may 
jeopardize the validity of the application or any patent issuing thereon. 



Dated: M^J t*s 

Dr. PablffBruguera 
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EXPERIENCE 



BiokitSA. Barcelona. Spain 

Chief Technical Officer, 2008-present 

• Responsible for all technical-related areas in the company, including R&D and Manufacturing 
R&D Director, 2001-2007 

• Directed the activities of two R&D sections, Chemiluminescent Immunoassay and External 
Chemiluminescent Projects responsible for the development of a new product line. 

• Launched 5 chemiluminescent products developed for a main Diagnostics Company. 

• Develop specifications for a new immunoanalyzer and search and select an instrumentation company to 
developed the fully automated instrument. 

Instrumentation Laboratory. Lexington. MA 

Corporate Director Reagents R&D., 1998 - 2001 

• Directed the activities of the Reagents R&D department including Assay Development, Molecular Biology, 
and Protein Purification, reporting directly to the CTO. 

• Held budgetary responsibility of all Reagents R&D operations. 

• Managed Hemostasis-related R&D efforts with other companies within the corporation. 

• Launched successfully several products into the market, including PT Fibrinogen recombinant and aPTT- 
sp clotting assays, DDimer and vonWillebrand Factor latex agglutination immunoassays, Free Protein S 
enzymeimmunoassay and Liquid Antithrombln chromogenlc assay. 

• Managed successfully the transfer of Assay Development and Protein Purification R&D groups from 
Lexington, MA to Orangeburg, NY. Hired director and managers for the groups, established new 
laboratories and implemented ISO 9001 procedures. 

• Collaborated in the transfer of Chromogenix operations from Sweden to US, and of Hemoliance from 
Raritan, NJ, to Orangeburg, NY, 

• Participated in the patent committee in charge of the company's patent portfolio management. 

• Conducted several due diligence processes. 

• Collaborated in the establishment of long-term strategic planning. 



Core Reagents R&D Manager, 1994 - 1998 

• Managed and budgeted projects on Molecular Biology, Protein Purification, and Latex Immunoassay 
laboratories. 

• Supervised expresion of recombinant proteins and establishment of fermentation procedures. 

• Directed the development of purification methods of different recombinant proteins and its transfer to 
manufacturing. 

• Supervised the development of DDimer latex agglutination immunoassay. 

• Acted as the senior corporate advisor to top management on Biotechnology related issues. 

• Evaluated several companies targeted for acquisition. 

• Participated in the team to establish the Design Control procedures for ISO 9001 certification. 
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Protein Purification R&D Manager, 1994 

• Created, established and staffed a state-of-the-art protein purification laboratory. 

• Initiated development of methods for extraction and purification of recombinant rabbit Tissue Factor 

BiokitSA. Barcelona. Spain 

Protein Purification R&D Manager, 1989 - 1994 

• Directed a team of scientist and technicians responsible for all protein purification activities. 

• Established chromatographic validation procedures. 

• Scaled-up chromatographic purification methods of antibodies, antigens and conjugates. 

• Supervised development and transfer of purification methods for polyclonal and monoclonal antibodies, 
preparation and purification of enzyme-antibody conjugates, purification of recombinant and natural 
herpesvirus 1 and 2, Epstein-Barr virus, and cytomegalovirus proteins. 

• Initiated development of enzymeimmunoassays for antibodies against HSV1 and HSV2. 

• Coordinated the Molecular Biology research carried out in collaboration with CDC. 

Enzymeimmunoassay R&D Manager, 1987 - 1989 

• Completed development of HBsAg, anti-HBs, and anti-HBc enzymeinmunoassays and launched them in 
Europe. 

• Set up manufacturing facilities and directed production of microtiter plate-based EIA. 

• Supervised development of EIA for rubella, toxoplasma, and cytomegalovirus total and IgM antibodies. 

• Established state-of-the-art laboratory for automated, medium-scale protein purification methods. 

• Advised top management in Biotechnology-related issues. 

• Coordinated the Molecular Biology research carried out in collaboration with international organizations, 
including CDC and Colorado University. 

R&D Scientist, 1983 - 1987 

• Purified natural and recombinant proteins used in assay development. Introduced state-of-the-art large- 
scale procedures for virus purification. 

• Developed and transferred to manufacturing a high-yield and high-purity HBsAg ultracentrifugation-based 
purification method from human plasma. This product is still sold worldwide to diagnostic companies as 
a critical raw material for immunoassay manufacturing. 

• Accomplished feasibility phases of microtiter piate-based immunoassays for hepatitis B and hepatitis A 
markers. 

• Devised long-term Molecular Biology projects, and coordinated the Molecular Biology research carried 
out in collaboration with international organizations, Including CDC and Colorado University. 

• Worked as a guest scientist for the Hepatitis Branch at CDC for three different periods of time with a total 
of 15 months. 

EDUCATION 

B.S-, Chemistry, 1974 

School of Chemistry, University of Barcelona, Barcelona, Spain 
M.S., Biochemistry, 1975 

School of Chemistry, University of Barcelona, Barcelona, Spain 
Ph.D, Biochemistry, 1982 

School of Chemistry, University of Barcelona, Barcelona Spain 
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1999 Production of recombinant rabbit Tissue Factor in P. pastoris. 
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2000 Recombinant Rabbit Tissue Factor based Prothrombin Time Reagent 

Cheryl Brucato, Cynthia Birr, Pau Bruguera, Juan Ruiz, Demetrio Sanchez-Martfnez 
US Patent Number 6,1 00,072. 

2003 Expression and characterization of a synthetic protein C activator in Pichia pastoris. 

Kunes, YZ; Sanz, M-C; Tumanova, IA; Birr, CA; Shi, PQ; Bruguera, P; Sanchez-Martinez, D. 
Protein Expresion and Purification 26, 406-415. 

Expression of recombinant rabbit tissue factor in Pichia pastoris and its application in a prothrombin 
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2005 Protein S Functional Assay and Kit therefor 

Yong Dai, Biqing Ye, Kui Chen, Pau Bruguera, Daniel. E. Lawson, ShaMay Tang 
US Patent Number 6,855,509. 

MEMBERSHIP 

American Society for Microbiology. 
Sociedad Espafiola de Biotecnologia. 
International Society on Thrombosis and Haemostasis. 
American Association for the Advancement of Science. 



Pablo Bruguera 



Page 3 of 3 



Declaration of Pablo Bruguera, Ph.D. 
under 37 CF.R. 1.132 
Exhibit B 
Page 1 of 18 

An Update on the von Willebrand Factor 
Collagen Binding Assay: 21 Years of Age 
and Beyond Adolescence but Not Yet a 
Mature Adult 

Emmanuel J. Favaloro, Ph.D., M.A.I.M.S. 1 



ABSTRACT _ 

von WiDcbrand disease (VWD) is considered to be the most common inherited 
bleeding disorder. It is diagnosed after a clinical and physical review, with personal and 
familial evidence of (primarily mucocutaneous) bleeding, and confirmed by laboratory 
testing. The latter typically entails initial plasma testing of factor VIII coagulant (FVULC), 
von Willebrand factor (VWF) protein (antigen; VWFrAg), and VWF function, which has 
classically been assessed using the ristocetin cofactor (VWF:RCo) assay. More recent 
attention has focused on another functional VWF assay, the collagen binding (VWF:CB) 
assay, as a possible replacement for the VWF:RCo assay or as a supplementary test of 
VWF adhesive "activity." Additional laboratory testing can comprise a battery of con- 
firmatory and VWD subtype assisting assayB, including assessment of VWF:multimers. 
This review updates our knowledge of VWD diagnostics with a particular emphasis on the 
VWFiCB assay. There is good evidence now in place that an optimized VWF:CB assay can 
significantly reduce the diagnostic error rate otherwise arising from the use of a test panel 
restricted to including the VWF:RCo assay as the sole functional VWF assay. Never- 
theless, the VWF:CB assay should not be used to wholly replace the VWF:RCo assay in 
phenotypic testing but rather as a supplementary assay. However, with some thought and 
justification, the VWFiCB assay can be used to partly replace the VWF:RCo assay in some 
"screening* applications and can also be used to abrogate the need to perform routine 
VWFmultimers in most test cases. 

KEYWORDS: von Willebrand Factor, VWF, von Willebrand disorder, von Willebrand 
disease, VWD, collagen binding, VWF:CB, ristocetin cofactor, VWFrRCo, multimers 



beveral events have prompted a review of the 
current status of diagnostics for von Willebrand disease 
(VWD) and subsequently stimulated the preparation of 
this article. First and foremost was the recognition that 



the first published description of this assay we now call 
the von Willebrand factor (VWF) collagen binding 
(VWFiCB) assay was 21 years ago, in 1986, by Brown 
and Bosak. 1 The VWF:CB assay was then reevaluated 
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with the ristocetin cofactor (VWF:RCo) assay regarding 
its ability both to detect VWD and to identify and 
discriminate potential type 2 VWD subtypes. Although 
this study was a relative landmark, being the first 
description of the potential utility of the VWF:CB assay, 
the data reported and the conclusions raised did little in 
itself to endorse the continued use of the VWF:CB assay 
in VWD diagnostics. The study comprised a very small 
group of VWD patients and normal individuals and used 
a single source of collagen to coat enzyme-linked im- 
munosorbent assay (ELISA) plates. The comparative 
data between the VWF:CB and VWF:RCo assays was 
not strikingly mssirriilar, and in hindsight, the VWF:CB 
assay used was not really optimized for discrimination of 
high-molecular-weight (HMW) VWF. Indeed, the 
VWF:CB story might well have ended there, except 
that several other workers also decided to test the utility 
of this novel assay. I was one of those workers and was 
sorely tempted at that time by the perception that the 
VWF:CB assay could potentially replace the need to 
perform the laborious and highry variable VWFrRCo 



The second event that prompted this article was 
not actually a single event but rather comprises a 
composite of events — the ongoing communications 
that I receive, primarily by e-mail these days, express- 
ing confusion regarding the VWF:CB assay itself, as 
well as its place within the diagnostics and therapy of 
VWD. This confusion is somewhat bemusing. On the 
one hand, one might expect that the situation should 
be reasonably clear, particularly given the amount of 
literature on the VWF:CB assay over the past 15 years. 
On the other hand, several developments continue to 
cloud the situation. Many queries still relate to issues 
of assay standardization and to which collagens we 
should be using for this assay. Should we be using 
purified type I, purified type ID, or type I/H3 collagen 
mixtures? Should these be of equine, bovine, or human 
origin? Should these originate from skin, tendon, or 
placenta? More recently, human collagen type VI has 
also emerged as a possible contender. I am happy to 
repeat my current stance, which has not changed since 
around the year 2000 — several studies have been pub- 
lished over the years, and all comparative studies to date 
have shown that VWF:CB assays based on type I/HI 
collagen mixtures are best at distinguishing HMW 
forms of VWF, and hence therefore generally better 
at discriminating plasma samples from type 2A and 2B 
VWD from those from type 1 VWD and normal 
individuals. 2 " 5 It is true that noncomfarative studies 
have shown that VWF:CB assays based on purified 
type III collagen arc capable of discriminating HMW 
VWF and difJcrentiating type 2 VWD to some de- 
gree 4,6 ; however, the comparative studies show that 
mscrirnination is better with the type I/HI collagen 
mixture—based assays. 



Nevertheless, most commercial suppliers continue 
to manufacture VWF:CB assay lots based on purified 
type III collagen preparations. Although I think I can 
explain the reasoning behind this, the potentially neg- 
ative downstream effect is that most clinical studies mat 
need to utilize a commercial kit VWF:CB procedure arc 
therefore "forced" into using assays based on purified 
type HI collagen, and these might represent nonoptimally 
HMW-sensitive procedures and produce suboptimal 
results, should the study be intending to use assay results 
as surrogate markers for HMW VWF. 

Most of the other communication queries I re- 
ferred to previously relate to the relative utility of the 
VWF:CB assay over that of the VWF:RCo assay and to 
the question of whether or not the VWF:CB assay can 
now replace the VWFrRCo assay in VWD diagnostics. 
Although our laboratory originally evaluated the VWF: 
CB assay with such a view in mind, this did not ultimately 
occur (except in part), and we still continue to perform 
VWFrRCo testing for many cases of "?VWD" under 
investigation. Instead, the VWFrCB assay has, within 
our laboratory, largely replaced the need to perform 
VWF:multimer testing on the vast majority of test cases, 
but more on this and our rationale later. 

The third event to prompt this article is again 
actually a series of events — the plethora of recent studies 
and publications regarding genetic mutations in VWD 
and the resulting ability to better identify "true" cases of 
VWD, enabling the reassessment of these cases in terms 
of phenotypic test profiles. 

The final event that prompted this article was a 
full-page (presumably paid) advertisement for a com- 
mercial VWFrCB assay that recently appeared on the 
back page of the August 2007 issue of the prominent 
journal Thrombosis and Hemostasis, and which prompted 
me to ask once again: Has the VWFrCB assay, at "age 
21," finally come of age? 



BACKGROUND I: VWD AND THE ROLE OF 
LABORATORY TESTING IN ITS DIAGNOSIS 

VWD is considered to be the most common inherited 
bleeding disorder. Although the calculated incidence 
varies according to the method used, most estimates 
are around 0.1 to 1% of the general population, 7 VWD 
is diagnosed after a clinical and physical review, 
with personal and familial evidence of (primarily muco- 
cutaneous) bleeding, and confirmed by laboratory inves- 
tigation. 8 ' 9 The latter typically entails initial plasma 
testing (laboratory "screening") of factor VIH coagulant 
(FVIII:C) and VWF protein (antigen; VWFiAg) and 
function, with this classically assessed using VWF:RCo 
assay. More recent attention has focused on the VWF: 
CB assay as a possible replacement for the VWF:RCo 
assay or as a supplementary test of VWF adhesive 
. "activity." Other putative "functional" (VWF "activity") 
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assays have also recently emerged. 9,10 Additional labo- 
ratory testing can comprise a battery of confirmatory and 
VWD subtype assisting assays. These may include as- 
sessment of VWF:multimers, ristocetin-induced platelet 
agglutination (RIPA), and/or VWF-factor VTH binding 

(vwFiFvnrB). 8 ' 9 

Most simply defined, VWD is characterized by 
defective function in, and/or reduced levels of, VWF, 
There are bix defined VWD types, comprising type 1, 
type 2 (with breakdown into 2A, 2B, 2M, and 2N), and 
type 3. 8,9 Types 1 and 3 are quantitative defects. Type 1 
individuals produce low levels of otherwise functionally 
normal VWF, and VWF is generally absent in type 3 
VWD. In contrast, type 2 VWD represents qualitative 
defects characterized by the presence of dysfunctional 
VWF, with the particular defect or dysfunction charac- 
terized within the subtype. Although absolute (total) 
plasma levels of VWF protein in type 2 VWD are also 
generally low, they might on occasion be normal. 

In brief, type 2N VWD is characterized by a 
defect in the binding of plasma VWF to FVTLT, and 
types 2A, 2B, and 2M present with either a relative 
absence of HMW VWF and/or some other inherent 
VWF dysfunction. 8 ' 9 The main defect presenting in type 
2A is a loss of HMW and intermediate-moiecular- 
weight (LMW) VWF, and the main defect presenting 
in type 2B VWD is a heightened affinity of plasma VWF 
to platelet glycoprotein lb/DC, leading to consequent loss 
of (primarily) HMW VWF from the circulation. Type 
2M VWD is a qualitative defect that presents with 
dysfunctional VWF but that is not associated with a 
loss of HMW VWF. Thus, the defect presenting in 
type 2M VWD is an inherent functional "qualitative" 
defect, and the specific defects) that present depends 
on the genetic mutation evident. Type 2M VWD is very 
difficult for many people to conceptualize; in fact, 
this may best be imagined as a composite of possible 
qualitative disorders that otherwise do not fit within 
the other type 2 VWD categories. 8 ' 9 ' 11 ' 12 

Identification of type 2 VWD or its discrimina- 
tion from type 1 VWD, and potentially type 3 VWD 
and even normal individuals, is most simply accom- 
plished by phenotypic laboratory testing and assessment 
of the relative proportions of functional VWF compared 
with the total VWF protein present in the same plasma 
sample 9 ; or in other words, by the relative proportion of 
VWF:RCo or VWF:CB or VWF:FVHLB or FVTILC 
compared with VWF:Ag, and most typically expressed 
as a ratio of assay values. Although this is expanded on 
later, type 1 VWD will present with low and propor- 
tionally similar levels of VWF detected by all the VWF 
assayB (Le., VWF:Ag, VWF:RCo, VWF:CB), and thus 
will give a test ratio of close to 1.0 irrespective of the 
assays compared Type 3 VWD will generally present 
with an absence of VWF, again irrespective of the assay 
used; nevertheless, estimation of assay ratios are not 



recommended in type 3 VWD because of assay sensi- 
tivity issues at low levels of VWF and resultant false or 
meaningless values generated consequent to very low or 
zero numerator values. Type 2 VWD will present with 
low relative FVTIIiC, VWF:RCo and/or VWF:CB 
compared with VWFiAg and it is the specific pattern 
of the test discordance in results that can help guide 
further investigation to pinpoint the specific dysfunc- 
tional VWD subtype presenting. 

BACKGROUND II: STRENGTHS AND 
LIMITATIONS OF THE CLASSIC TEST 
PROCEDURES OF VWF:RCO AND 
VWRMULTIMER ASSESSMENT 

VWFrRCo Assay 

This assay represents the original functional VWF 
test, being first described in the very early 1970s. 13 " 15 
The introduction of the VWF:RCo test at that time 
caused a revolution in VWD diagnostics by providing 
laboratories with their first real tool to enable proper 
characterization of qualitative dysfunctional VWD cases, 
something that had eluded them with previous limited 
testing. Nevertheless, over the subsequent 35 years or 
so, several significant limitations to VWFiRCo testing 
have emerged. 

First, the classically performed test (using a pla- 
telet agglutination procedure in a platelet aggregometer) 
is very laborious, and the resultant test values are highly 
variable. As a "hands-on" laboratory scientist, I have 
some considerable personal experience in this. It can take 
the laboratory several hours to obtain an estimate of the 
VWF:RCo level in a given patient (test) plasma, and 
even then such an estimate could not be considered 
undeniably accurate. The classic testing procedure is a 
time-linear assay; because of assay drift, a calibration 
curve using normal plasma should be performed at the 
start of the assay and repeated at its end. If the procedure 
is investigating a large number of patient samples, it is 
good laboratory practice to repeat the calibration curve 
several times (e.g., we re-perform this calibration every 
six patient samples). For our laboratory to obtain a "half- 
decent" result, we have to test patient samples at three 
plasma dilutions and often have to repeat patient tests; 
even then, test replicates are still typically widely dis- 
parate. Each * individual test reading takes ^5 minutes, 
and the complete assay on a batch of test samples will 
typically take the laboratory technician (in my labora- 
tory, it was often me) almost an entire day to perform 
and result. The simple hard truth about the classic 
VWF:RCo assay iB that it would give one an accurate 
result only after one had (i) tested the patient sample at 
several dilutions, (ii) retested the patient sample again, 
and (iii) retested the patient using another fresh sample 
collected on a separate occasion. It is a simple case of 
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averaging as many test resultB as are available; the more 
test results averaged, the more reliable the eventual test 
result obtained. This poor intraassay reproducibility is 
compounded by high interassay variability and high 
interlaboratory variability, but more on that later. 

The other main problem -with the classic 
VWFrRCo assay is the assay's lower limit of detection, 
which typically lies around 10 to 20% VWF. That is, the 
classic VWFrRCo assay cannot reliably provide an esti- 
mate of VWF below around 20% VWF. This is a serious 
limitation for an assay that is used to help characterize 
functional VWF discordance, and given that the vast 
majority of severe VWD subtypes have levels of VWF 
below 20%. 

What the above issues mean in practice is that 
using the VWF:RCo assay as the base VWF functional 
assay, together with the VWF:Ag and FVHI:C assays, to 
comprise the VWD screening test panel (i.e., to provi- 
sionally identify VWD), and to then characterize these 
cases as either functionally VWF concordant (i.e., types 
1 or 3 VWD) or discordant (Le., type 2 VWD) is not 
always going to be successful. The extent of the possible 
error rate in the diagnosis and subdassification of VWD 
using VWF:RCo as the sole VWF functional assay is 
only now beginning to emerge — and it is a serious 
problem, as will be highlighted later. Automation of 
test procedures (using instrumentation) has certainly 
reduced the VWF:RCo assay's intraassay and interassay 
variability but has not alleviated the issue of low-level 
assay sensitivity, nor does automation seem to protect 
laboratories against VWD-idcntification errors. ,16 

As a rough guide, the interassay variability of test 
procedures used to identify VWD rises in the order 
FVHLC < VWFrAg <VWF:CB <VWF:RCo, with 
respective median coefficient of variation (CV) values 
approximating < 10%, 10 to 15%, 15 to 25%, and 20 to 
40%. It is interesting that CVs are lowest for FVULC, a 
clot-based assay; this most probably reflects some uni- 
formity of test procedures (most laboratories perform 
one-stage clotting assays) and reasonable international 
standardization of plasma calibrant material. VWFiAg 
assays have a somewhat higher CV, most likely due to 
procedural assay variation and reduced between-assay 
standardization. For example, VWFrAg assays using 
latex immunoassay (L1A) procedures tend to provide 
higher detected VWF values compared with those per- 
formed by ELISA. 10 Assay variation in VWFrCB is 
somewhat higher again; this is in part due to even 
greater assay procedural variation and poorer interna- 
tional standardization but also reflects the fact that 
these assays detect a smaller proportion (probably 
around 30%) of the total VWF plasma pool (i.e., 
primarily the HMW VWF fraction). An analogy is 
available in thrombophilia testing, where CVs for free 
protein S assays tend to be greater than those for total 
protein S. Free protein S reflects the functional pool 



(M0%) of the total protein S available in plasma, and 
this reduced detection base will accordingly result in 
greater assay variation; nevertheless, free protein S is 
considered the more important of the two test param- 
eters to measure. 

Despite its poor assay reproducibility, and thus 
high potential error rate in terms of false positive and 
false negative identification of VWD, VWFrRCo 
is still seen as an important assay within VWD diag- 
nostics, and when used appropriately and with full 
knowledge of these stated limitations, will both help 
to identify and sub-characterize VWD. It is also 
an imperative assay for the proper identification and 
characterization of the most common presentation for 
Type 2M VWD (see later). 



VWRMurtimer Evaluation 

The assessment of VWFrmultimers is also an estab- 
lished test procedure within VWD diagnostics but ib 
quickly disappearing in general laboratories. This test 
involves gel electrophoresis of test plasma and separa- 
tion of VWF forms according to molecular size. Thus, 
the test has some utility in terms of its ability to identify 
qualitative defects in VWD, primarily those in which 
the HMW forms are missing (e.g., types 2A and 2B 
VWD) or in which other qualitative abnormalities may 
be evident (e.g., abnormal VWD banding or triplet 
structures). However, the test is very laborious and 
technically demanding, even much more so than 
VWFrRCo. A laboratory has to invest a lot of time 
and effort into obtaining good multimer results, and 
very few laboratories these days are doing so. As an 
example, of ~40 laboratories within Australia that 
perform some form of phenotypic testing for VWD, 
only two perform VWFrmultimers. If wc grade the 
VWF assays for time and complexity, VWFrAg would 
grade as one "star," the VWFrCB about two "stars," the 
VWFrRCo about three "stars," and the VWFrmultimer 
assay about five "stars." Put another way, a laboratory 
scientist could feasibly test some 60 individual test 
plasmas for VWFrAg, VWFrCB, and FVHIrC on a 
single day and obtain decent quantitative data for most 
cases. One would be hard pressed to test even 20 
individual plasmas for VWFrRCo using the classic 
agglutination procedure on a single day, and it would ' 
typically take around 3 to 4 days to obtain results 
for around 14 samples for VWFrmultimers. There 
is also some misconception among clinicians and 
hematologists that VWFrmultimer patterns do not 
lie. In truth, cross-laboratory evaluation using VWFr 
multimer assessment shows considerable variance in 
quality, and interpretation, so that it is entirely feasible 
to get false interpretations of type 1 VWD when testing 
type 2 VWD plasma and false interpretations of type 2 
VWD when testing type 1 VWD plasma. 
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LIMITATIONS OF THE CLASSIC TEST 
PANELS COMPRISING VWF:RCO AND 
VWF:MULTIMER ASSESSMENT IN THE 
IDENTIFICATION OF VWD AND THE 
DISCRIMINATION OF VWD SUBTYPES 
It has been mentioned that the VWFiRCo assay is 
laborious and highly variable, and that multimer testing 
is even more laborious and should not be viewed as 
foolproof. Although the VWF:CB assay should also not 
be viewed as foolproof, a properly optimized VWF:CB 
assay is less laborious than either the VWF:RCo assay or 
multimer testing, and is also generally less variable than 
the VWF:RCo assay. If the laboratory is already per- 
forming VWFiAg by ELISA, it is a simple progression 
to also undertake VWFrCB by ELISA. So, the question 
of whether the VWFrCB assay can be used to replace at 
least some of the testing performed by VWFiRCo assay 
and multimer analysis often arises. In short, for reasons 
highlighted in this review, our laboratory's current view 
is that the VWFrCB assay cannot entirely replace either 
VWF:RCo assay or multimer testing, but with the right 
strategies in place, it can be used to reduce the reliance 
on these more laborious and/or variable assay systems 
and that this will also lead to reduction of errors in 
diagnostics and improvement of both the detection of 
VWD and the identification of qualitative (i.c. r type 2) 
VWD subtypes. 

Before detailing our laboratory's diagnostic strat- 
egy, some additional background information may be 
helpful. We have consistently reported in cross-labora- 
tory studies that laboratories using a core plasma testing 
set of FVm:C, VWFrAg, and VWFiRCo will correctly 
identify a type 2 (A or B) VWD as such in only around 
75% of test cases. 10116 That is, in around 25% of such test 
cases, a laboratory will misidentify a type 2 (A or B) 
VWD test plasma as either being normal or type 
1 VWD, and this misidentification error rate will reduce 
to around 10% in laboratories that use a VWFiCB assay. 
Significant reductions in misidentifications can also be 
shown for cases of testing of type 1 VWD (misidentified 
as type 2) or testing of normal samples (misidentified as 
type 2) after incorporation of the VWF:CB assay into 
the VWF test panel. 

Although this finding has now been replicated 
and reported several times by our organization, the 
question regarding how often VWD misidentifications 
might actually be occurring in broader clinical practice 
is only recently coming to light. Several VWD genetic 
studies have now been reported, and these have deter- 
mined some interesting genotypic versus phenotypic 
versus clinical bleeding severity correlations. 7 "" 2i Amid 
the data, the following has also emerged. In a recently 
published European-based study involving 14. VWD 
treatment centers in nine European countries, of 150 
index cases originally identified as type 1 VWD, a 
subgroup of 57 patients were later identified to have 



abnormal multimer patterns, and these showed a high 
prevalence of VWF gene mutations (94%, or 54 of 57 
cases). 18 In contrast, fewer mutations could be identified 
(55%, or 51 of 93 cases) in those cases with qualitatively 
normal VWF. This study concluded that "About one 
third of the Type 1 VWD cases recruited could be 
reconsidered as Type 2. The remaining group could be 
considered "true" Type 1 VWD, although mutations 
were found in only 55%." 18 Although not specifically 
stated, it is likely that the majority of these initial type 1 
VWD misidentifications comprised laboratory assess- 
ments using assay panels comprising VWF:Ag and 
VWFiRCo without VWF:CB (aB thiB assay is simply 
less often performed by European laboratories). An 
important fact to remember here is that these were 
VWD treatment centers; so the likelihood of false 
identification of type 2 VWD individuals as type 1 
VWD can be deduced to be even higher for nonexpert 
VWD testing laboratories. 

Recent studies from two other groups would have 
one conclude in a similar vein. 19 " 21 Thus, of a total of 
194 families submitted to the Canadian type 1 VWD 
study, referred from 13 tertiary care, academic health 
centers across Canada, 12 families were reclassified as 
type 2 VWD after reevaluation of the hemostasis studies 
from both the referral clinic and the central laboratory. 19 
In a subsequent analysis, a further 10 index cases were 
found to have either loss of HMW VWF or abnormal 
triplet patterns using multimer analysis, and a further 11 
cases with normal multimers were found to have low 
VWF:RCo/VW:Ag (RCo/Ag) ratios (<0.6). 20 In 
total, then, some 33 of 194 (17%) index cases originally 
identified as type 1 VWD might be reclassified as type 2 
VWD after this study's reevaluation. Again, one can 
conclude that the majority of these initial type 1 VWD 
misidentifications comprised laboratory assessments us- 
ing assay panels containing VWFrAg and VWF:RCo 
without VWF:CB (as this assay is simply not performed 
by the majority of laboratories in Canada). Another 
study from the UK Haemophilia Centre Doctors* Or- 
ganization (UKHCDO) involved 40 families recruited 
through the national network of Comprehensive Care 
Haemophilia Centres affiliated with UKHCDO and 
diagnosed to have type 1 VWD. 21 A family could be 
included in this study if w a consultant hcmatologist at 
a hemophilia center had made a diagnosis of type 1 
VWD [according to previous UKHCDO guidelines 22 ], 
there were recorded VWF ristocetin cofactor activity 
(VWFiRCo) levels of below 50 U/dL, the ratio of. 
VWFiRCo to VWF antigen (VWFiAg) was greater 
than 0.7, the plasma VWF multimer profile was normal, 
individuals had a history of significant mucocutaneous 
bleeding, and there was more than one family member 
with a diagnosis of type 1 VWD" 21 After a review of 
submitted cases by the authors, six (13.6%) families were 
rediagnosed as having type 2 VWD. 21 
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CLARIFYING THE ROLE OF THE VWF:CB 
ASSAY AS PART OF A PANEL OF 
LABORATORY TESTS TO ASSIST IN THE 
IDENTIFICATION OF VWD AND THE 
DISCRIMINATION OF WUD SUBTYPES 
It has been specifically noted that diagnostic errors are 
reduced significantly by incorporation of the VWF:CB 
assay. 10 ' 16 The following provides a summary of how 
the VWF:CB might be incorporated into the diagnostic 
test process to facilitate better identification and classi- 
fication of VWD. 



Norma! Plasma and Type 1 VWD 

Normal plasma contains a normal level of VWFj 
moreover, the level of VWF detected is similar (or 
"concordant") irrespective of the VWF assay employed 
(Le., VWFiAg, VWF:CB, or VWF;RCo). Accordingly, 
the ratio of RCo/Ag and VWF:CB/VWF:Ag (CB/Ag) 
is going to be dose to 1.0 (in practice, it is generally 
> 0.7). Type 1 VWD presents with a low level of VWF; 
however, because this VWF is qualitatively normal, the 
level of VWF detected is again similar irrespective of 
the assay used (Le., concordant-like normal plasma, 
RCo/Ag, and CB/Ag ratios are still going to be around 
1.0 [or > 0.7]; see Table 1). 



Type 3 VWD 

Although some forms of type 3 VWD may present with 
low detectable levels of VWF, type 3 VWD is generally 
characterized by an absence of plasma VWF (irrespective 
of the VWF assay used). Thus, the level of VWF 
detected using VWF:Ag, VWF:RCo, and VWF:CB 
should be similar (i.e., concordant) and around 0. Never- 
theless, there are Beveral reasons why we do not recom- 
mend attempts to determine assay ratios for levels of 
VWF under 10% or when type 3 VWD is suspected 
Most importantly, low-level detection assay sensitivity 
issues are such that VWF is sometimes falsely identified 
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in these patients upon testing. This is a bigger problem 
with VWF:RCo than with VWFiAg and VWF:CB, but 
even in these assays, levels of VWF up to 10% might be 
falsely identified. r23,24 Hub will lead to spurious and 
false assay ratio values (eg., VWF:Ag of 3% and 
VWF:CB of 1% will give a CB/Ag ratio of 0.33, which 
might lead to an incorrect "conclusion" of type 2 func- 
tional VWF discordance). 



Type 2 VWD 

In contrast with types 1 and 3 VWD, which are 
quantitative VWF defects, type 2 VWD is characterized 
by a qualitative" defects, or by the presence of dysfunc- 
tional VWF, with the particular defect characterized 
within the subtype. 819 

TYPE ZW VWD 

This is characterized by a defect in the binding of plasma 
VWF to FVUI, which leads to a low relative plasma 
FVIII:C to VWF. However, laboratory testing realities 
and genetic variation mean that this is an inconsistent 
finding. In particular, some laboratory FVTILC assays 
may provide "false" high values for FVTILC, thus yield- 
ing fairly normal FVTO/VWF ratios and therefore 
masking the presence of type 2N VWD. Accordingly, 
a normal ratio of FVHI/VWF does not exclude type 2N 
VWD, and VWF:FVHEB assays should always be per- 
formed to identify or exclude type 2N VWD. A low 
VWF:FVTIIB/VWF:Ag ratio (generally < 0.6 or < 0.7) 
is characteristic of type 2N VWD. 

TYPES 2A, 2B, AND 2M VWD 

These present with either a relative absence of HMW 
VWF and/or some inherent VWF dysfunction, and 
these are therefore generally characterized by low 
RCo/Ag and/or CB/Ag ratios. In brief, the main defect 
presenting in type 2A is a loss of HMW and IMW 
VWF; hence, type 2A VWD will typically present with 
very low RCo/Ag and very low CB/Ag ratios. The main 



Table 1 Expected Laboratory P henotyplc VWF Assay Findings in VWD* 

__ VWD Subtype 



Assay Para mete 


rr 1 


2A 


2B 


2M1 


2N 


3 


VWP-Ag 


Low(<50%) 


Low/normal 


Low/normal 


Low/normal 


Low/normal 


Absent 


VWRRCo 


Low « 50%) 


Low 


Low 


Low/normal 


Low/normal 


Absent 


VWP.CB 


Low (<50%) 


Low 


Low 


Low/normal 


Low/normal 


Absent 


Ag/CB 


Normal (0.6-1.5) 


High (>1.5) 


High (> 1.5) 


Normal/high 


Normal (0.6-1.5) 


Don't use 


Ag/RCo 


Normal (0.5-1 .5) 


High (>1.5) 


High (> 1.6) 


Normal/high 


Normal (0.5-1.5) 


Don't use 


CB/Ag 


Normal (> 0.7) 


Low (0-0.7) 


Low (0-0.7) 


Low/normal 


Normal (>0.7) 


Don't use 


RCo/Ag 


Normal (> 0.7) 


Low (0-0.7) 


Low (0-0.7) 


Low/normal 


Normal (>0.7) 


Don't use 



♦Absolute values noted in this table should be treated as a guide only; afferent laboratories will use different values based on internal or 
differentially published studies. 

^Results depend on the specific mutation and defect defined; most cases identified to date show low VWF:Ag, lower (Discordant) VWRRCo, 
and low (but concordant) VWRCB, with resultant low RCo/Ag but normal CB/Ag. 
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defect presenting in type 2B VWD is a heightened 
affinity of plasma VWF to platelet glycoprotein lb/DC, 
leading to consequent loss of (primarily) HMW VWF 
from the circulation, and thus low RCo/Ag and low CB/ 
Ag ratios are also typically evident The level of specific 
"loss" of IMW and HMW VWF in type 2A VWD is 
generally greater than that for type 2B VWD, so that 
presenting ratios of RCo/Ag and CB/Ag are usually 
lower in type 2A VWD than type 2B VWD. However, 
this is an inconsistent rinding, and these ratios cannot be 
used to confidently discriminate these two subtypes. In 
particular, it needs to be recognized that there is some 
considerable variability in the genetic and phenotypic 
profiles for both types 2A and 2B VWD. For example, 
the level of HMW VWF loss is somewhat variable 
between cases of type 2B VWD, as well as between 
sequential presentations within single individual cases. 
Although compared with type 2A VWD, type 2B also 
tend to show higher VWF:Ag levels and can also be 
associated with mild thrombocytopenia, there is some 
inconsistency in these findings, and so these cannot be 
used to confidently distinguish types 2A and 2B VWD. 
Nevertheless, such features can certainly help to guide 
the investigation. Similarly, VWFrmultimers cannot 
distinguish type 2A from type 2B, although again, 
features may help guide the investigation. In practice 
then, testing of plasma from types 2A and 2B VWD will 
provide similar, or overlapping, phenotypic patterns 
(Table 1), and these VWD types can only be reliably 
distinguished using a RIPA procedure. 

Type 2M VWD is a qualitative defect that 
presents with dysfunctional VWF but that is not asso- 
ciated with a loss of HMW VWF. Thus, the defect 
presenting in type 2M VWD is an inherenr functional 
defect, and which defect presents depends on the genetic 
mutation evident. In practice, type 2M VWD would 
comprise a large composite of potential VWF defects 
that would not otherwise classify into the other VWD 
subtypes. 8,9 ' 11 ' 12 However, most 2M VWD defects so far 
described adversely affect the binding of plasma VWF to 
platelet glycoprotein lb/DC (Le., in contrast with the 
enhanced binding evident in type 2B VWD). Thus, 
most type 2M VWD defects so far described can be 
summarized as representing a platelet-binding dysfunc- 
tion. Because the VWFrRCo assay is sensitive to these 
defects, these type 2M VWD defects typically present 
with relative low VWF:RCo values compared with 
VWF:Ag (Le., low RCo/Ag). However, because these 
type 2M VWD mutations do not seem to so significantly 
influence the binding of VWF to matrix components 
such as collagen, VWF:CB test data instead tends to 
parallel VWFrAg. Accordingly, most cases of currendy 
type 2M classified VWD will present with low RCo/Ag 
but relatively normal CB/Ag, and this finding has led to 
many authors using this test pattern to ^invariably" 
identify type 2M VWD, which is an inappropriate 
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oversimplification. 111 ' 12 While this approach will in gen- 
eral identify such cases of (platelet-binding dysfunc- 
tional) type 2M VWD, it ignores all the other 
potential alternate type 2M VWD defects — including, 
but not limited to, genetic mutations that lead to loss of 
relative binding to matrix components such as collagen, 
but which otherwise have littie affect on VWF binding 
to glycoprotein lb/DC These cases would still fit within a 
type 2M classification but would present with rdatively 
low CB/Ag and feasibly normal RCo/Ag ratios. These 
type 2M VWD cases would also discriminate from types 
2A and 2B VWD by not showing any specific loss of 
HMW VWF nor showing the enhanced RIPA charac- 
teristic of type 2B. Importandy, such cases have been 
reported 25 but may be relatively rare or perhaps less 
clinically severe when compared with the "more typi- 
cally" reported (platelet-binding dysfunctional) type 2M 
VWD. Alternatively, the nonbalanced identification in 
these distinct type 2M VWD cases may merely reflect 
the fact that VWF:RCo assay has simply been an 
established assay for many more years and in many 
more laboratories than the VWF:CB assay, and possibly 
time and further study may redress the relative imbalance 
of differentially detected cases. Indeed, as a composite, 
the identification of many other putative type 2M VWD 
cases without loss of either VWF-collagen binding 
or VWF-platelet-glycoprotein-Ib/IX binding can be 
further hypothesized- We simply do not have all the 
possible tests available to identify all the possible VWF 
binding defects, but we do know that VWF binds to a 
multitude of other protein and nonprotein systems, so 
that in theory such possibilities are certainly plausible. 

OTHER SOLUTIONS AND STRATEGIES TO 
REDUCE AND LIMIT DIAGNOSTIC ERRORS 

Identification of the low-level VWF sensitivity of 
laboratory assays is very important but possibly under- 
appreciated. A laboratory cannot distinguish type 3 
VWD from severe type 1 VWD, nor severe type 1 
from type 2 VWD, unless the laboratory has knowledge 
of its assays' sensitivity limit. As previously mentioned, 
this is a particular problem with VWF:RCo assays. 23,24 
There are several strategies to improve discrimination 
of VWF at low assay value ends. The first is to include a 
VWF-deficient plasma control in all assays. These 
plasmas are devoid of VWF and are commercially 
available. They should give a value of 0 in all VWF 
assays} if they give a value above 0, then the assay in 
question has a low-level VWF-sensitivity problem, and 
the level of VWF as defined by testing of this VWF- 
deficient plasma provides the lower level of sensitivity 
limit for the assay. The lower limit of sensitivity limit 
for VWF:Ag and VWF:CB assays is generally < 5% (it 
is 0 to 1% in our own laboratory); in contrast, the lower 
limit of sensitivity limit for VWF:RCo assays can be as 
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high as 15 to 25% (it is typically around 10% in our 
; laboratory). 23,24 

Another strategy that laboratories can use to 
improve detection at low assay levels is to increase the 
concentration, or to lower the dilution, of test plasma 
used by the assay (i.e., individually tailor the test plasma 
dilution used to the plasma VWF level present). This 
is usually fairly easily achievable for VWF:Ag and 
VWF:CB assays, which typically use plasma dilutions 



around 1:100, but is less often achievable for VWF:RCo 
assays, which use much lower plasma dilutions. The.aim 
here is to test the plasma at a dilution that brings the 
derived test value within the ideal assay sensitive region. 
For VWFrAg and VWFrCB assays, this is usually within 
the 20 to 100% VWF detection region. For example, a 
plasma sample containing a nominal (Le., initially iden- 
tified) level of 5% VWF should be retested at around 5 to 
10 times the initial assay concentration used to bring it to 



Table 2 Laboratory Phenotypic VWF Assay Findings versus the Possibility or Otherwise of VWD* 



Assay Parameter 


Laboratory Finding 


Possibilities 


Follow-tipt 


VWPJVg 


Normal (>50%) 


Not VWD, or type 2 VWD, or false 
high due to preanalytical event? 


If clinical history is significant, assess 
VWF using functional assays to 
identify/exclude type 2 VWD, and 
repeat tests on new sample for 
confirmation. 




Low (<60%) 


VWD, or false low due to preanalytical 
event? If VWD, subtype cannot 
be identified without further testing. 


If clinical history is significant, assess 
VWF using functional assays to 
identify/exclude type 2 VWD, and 
repeat tests on new sample 
for confirmation. 




Very low « 10%) 


Severe type 1 VWD, type 3 VWD, 
or type 2 VWD, or false result? 


Assess VWF using functional assays 
to identify/exclude type 2 VWD, 
repeat tests on new sample for 
confirmation, identify low-level 
assay sensitivity properties to 
distinguish type 3 and severe 
type 1 VWD. 


WVPRCo and VWFrCB 


Normal (>50%) 


Not VWD, or false high assay results 
(due to assay variation or 
preanalytical event)? 


If clinical history is significant, repeat 
tests on new sample for confirmation. 


VWFttCo and/ 


Low (< 60%) 


VWD, or false low (due to assay 


If clinical history is significant repeat 


orVWF:CB 




variation or preanalytical event)? 


tests on new sample for confirmation; 
review pattern of test results to help 
determine if type 2 VWD/which subtype. 


Ag/CB and Ag/RCo 


Normal (0.5-1.5) 


Not VWD, or ?type 1 VWD, or possibly 
due to preanarytical event or 
assay variance? 


If clinical history is significant repeat 
tests on new sample for confirmation. 


Ag/CB and/or Ag/RCo 


High (>1.5) 


Type 2 VWD, or due to preanalytical 
event, or due to assay variance? 


If clinical history is significant, repeat 
tests on new sample for confirmation; 
review pattern of test results and 
perform additional tests to property 
sub-classify type 2 VWD cases. 


CB/Ag and RCo/Ag 


Normal (>0.7) 


Not VWD, or ?type 1 VWD, or possibly 
due to preanalytical event 
or assay variance? 


If clinical history is significant, repeat 
tests on new sample for confirmation. 


CB/Ag and/or RCo/Ag 


Low (0-0.7) 


Type 2 VWD, or due to preanalytical 
event, or due to assay variance? 


If clinical history is significant repeat 
tests on new sample for confirmation; 
review pattern of test results and 
perform additional tests to properly 
subclassify type 2 VWD cases. 



♦Absolute values noted in this table should be treated as a guide only; different laboratories will use different values based on internal or 
differentially published studies. 

f As a general rule, the first thing to do as foOow-up is to check the dinical history and the second is to repeat all tests using a fresh plasma 
sample tested a few weeks apart 
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within this assay sensitive region, and this should there- 
fore provide an interim value of around "25 to 50%" 
which can then be corrected by the adjusted dilution 
factor before being officially reported as 5%. If, for this 
example, however, the interim value obtained is signifi- 
cantly lower than the expected "25 to 50%," a lower-level- 
of-senativity issue might be present (e.g., an interim 
value of 5% obtained with a 10 x concentrated sample 
would actually correct to 0.5% and suggest that the 
originally identified level of 5% simply defined the lower 
limit of sensitivity for this assay). 

Another way to help distinguish severe type 1, 
severe type 2, and type 3 VWD, if deemed appropriate, is 
to undertake a desmopressin (DDAVP) therapy trial 
(type 3 VWD will generally show no response, or no 
increase in plasma VWF after DDAVP), whereas Bevere 
type 1 VWD will show a small but detectable and similar 
rise in all VWF test parameters, and type 2 VWD should 
show a rise in VWFiAg and correspondingly either a 
lower rise in functional VWF parameters (i.e., 
VWF:RCo and/or VWFrCB) or else a similar rise but 
more rapid disappearance because of faster clearance. 

Additional VWF assay controls should include a 
type 2 VWD-like plasma to help identify the level of 
VWF assay discordance achievable within any given 
assay, and on both an intraassay and interassay basis. 
In our laboratory, this is simply achieved using cryosu- 
pematant, obtained as a date-discarded blood-bank 
product and frozen in small aliquots for laboratory 
assay use. The characteristics of this plasma in our 
laboratory are now so well-known that we can identify 
assay problems very easily and very quickly. For example, 
the level of VWFiAg detected is consistently between 
10% and 20%, the VWF:CB level detected is consis- 
tently < 3%, and the CB/Ag ratio is consistently < 0.3. 
Results at variance to this can quickly identify assay 
problems that require rectification. 

In addition to assay limitations, false abnormal 
VWF patterns can also arise from a variety of preana- 
lytical events, most notably by provision of filtered 
plasma or postrefrigeration of whole blood. 26,27 As a 
blanket rule, patient follow-up should comprise a mini- 
mum of two events: (i) clinical history should be reeval- 
uated to ensure that the test results match, and (ii) all 
tests Bhould be repeated on a fresh sample taken some 
weeks apart for confirmation. Some other problems and 
potential follow-up processes are given in Table 2, which 
provides a summary of possible scenarios given certain 
VWD subtypes and testing patterns. For example, a low 
RCo/Ag plus low CB/Ag will usually reflect a type 2A or 
2B VWD but might otherwise reflect a sample integrity 
issue. Similarly, a low RCo/Ag with normal CB/Ag may 
reflect a type 2M VWD or may otherwise reflect a false 
functional VWF discordance due to (VWF:RCo) assay 
variability. Laboratory testing realities are often undcr- 
recognized in clinical practice, and assay variabilities are 
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such that false-high and false-low high RCo/Ag ratios 
are not at all uncommon. This will respectively lead to 
false identification of type 1 VWD when testing type 2 
VWD samples and false identification of type 2 VWD 
when testing type 1 VWD samples or normal samples. 
Although use of the VWF:CB is also capable of leading 
to such false test events, here the problem is generally 
less evident than that of the VWF:RCo, and the prob- 
lem can be minimized by using a HMW sensitive 
(generally type I/TO coUagen mixture) VWF:CB assay. 

WHAT TYPE OF COLLAGEN SHOULD WE 
USE FOR VWFrCB ASSAYS: TYPE I, TYPE 
III, OR A TYPE l/in MIXTURE? 

As mentioned, individual studies have shown purified 
type HI collagen-based VWFKUB assays to be capable of 
some discrimination of HMW VWF and comparable 
with discriinination obtained using VWF:RCo assays. 2 " 6 
Nevertheless, it has additionally been shown in compa- 
rative studies that type I/EQ collagen mixture-based 
VWFiCB assays tend to show even better discrimination 
of HMW VWF, and hence better discrimination of types 
2A and 2B VWD (in particular) from types 1 and 3 
VWD. 2 " 5 Moreover, it is clear from our own laboratory's 
very extensive studies that a type I/HI collagen mixture, 
using a proportion of around 95%/5% type I/HI collagen, 
respectively, works best in this capacity 2 In our experi- 
ence, a HMW-scnsitrvc VWFrCB assay is significantly 
more sensitive to loss of HMW VWF than is a 
VWFiRCo assay. The perceived relationship between 
the molecular weight form of VWF and its identi fi ca ti on 
using VWF:Ag, VWFrRCo, and different manifestations 
of VWF:CB assays is depicted in Fig. 1, 

Nevertheless, most commercial manufacturers 
continue to supply purified type HI collagen-based 
assays, and thus, most clinical studies that need to use 
a commercially sourced assay are "forced" to use poten- 
tially HMW-undersensitive VWF assays. Why do com- 
mercial manufacturers continue to use purified type HI 
collagen-based preparations, despite evidence that type 
I/HI collagen mixtures perform better in terms of HMW 
discrimination? One cannot be completely sure, as busi- 
ness interests would probably prevent them from telling 
us. However, I suspect that this is simply because type HI 
collagen actually binds VWF much better than type I 
collagen, particularly in a static (nonshear) system such 
as the VWF:CB assay. Although this was something 
that I had come to well accept over the past 15 years, this 
has again most recently been highlighted by several 
reports on the interaction between VWF and colla- 
gen. 28 ' 29 Accordingly, because of high-affinity binding, 
the use of purified type IH collagen would provide 
VWF:CB assays with a greater amount of overall 
VWF adhesion and far better optical end-color gener- 
ation in an ELISA system compared with one using a 
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Figure 1 Favaloro's VWF:CB hypothesis no. 1: "The use of different collagens in a VWF:CB assay affects its ability to 
discriminate high molecular weight (HMW) forms of VWF." The VWFrAg assay detects all multimetric forms of VWF equally 
well (i.e., has no differential sensitivities to different molecular weight species including large, intermediate, and small 
multimers). The VWF;RCo assay detects ail large and some of the intermediate VWF multimers. A fully optimized VWF;CB 
assay (using a type l/lll collagen mixture of around 95%/5%, respectively) preferentially detects the hemostatically potent large 
VWF multimers. In contrast, a VWF:CB assay using purified type III collagen has a higher overall affinity for VWF and thus lower 
overall discrimination of HMW VWF; in the worst-case scenario, such an assay may end up detecting all multimetric forms of 
VWF (i.e., with no differential sensitivities to different molecular weight species}, with performance more akin to a VWFAg 
assay. (Modified from Favaloro EJ. von Willebrand factor (VWF) collagen binding (activity) assay (VWRCBA) in the diagnosis of 
von Willebrand's disorder (VWD): a 15-year journey. Semin Thromb Hemost 2002;28:191-202; Favaloro EJ. Laboratory 
identification of von Willebrand disease: technical and scientific perspectives. Semin Thromb Hemost 2006;32:466-471; 
Favaloro EJ. Laboratory monitoring of therapy in von Willebrand disease: efficacy of the PFA-100® and VWF:CB as coupled 
strategies. Semin Thromb Hemost 2006;32:586-576.) 



type I/HI collagen mixture. Purified type III collagen- 
based VWF:CB assays would also provide much better 
assay consistency (or precision), botli within and be- 
tween assays (i.e., would yield lower assay CVs, both 
intraassay and intcrassay). From a manufacturer assay- 
standardization and control-consistency viewpoint, pu- 
rified type III collagen-based assays will currently win 
out over those based on type I/III collagen mixtures, 
simply because they are more "robust." However, com- 
mercial suppliers that manufacture WVF:CB kits using 
purified type III collagen, and the subsequently labora- 
tories that use these products in clinical studies, seem to 
be missing a major point here*, that is, the concept that a 
good ("optimized") VWF:CB assay needs to optimally 



balance the dual requirements of an acceptable level of 
detectable binding of plasma VWF to collagen with that 
of optimal discrimination of HMW VWF. 

So, yes, purified type IE collagen binds VWF 
much better than type I collagen or even type VTS1 
collagen mixtures. However, assays based on purified 
type IH collagen arc trading off the important property 
of "best" VWF binding against the critical property of 
"better" HMW discrimination. Thus, type III collagen 
binds VWF bo well that assays based on purified type III 
collagen will simply also bind to the low-molecular- 
weight (LMW) fonns of VWF. This is depicted in 
Fig. 2. At the other extreme end, it is likely that an 
assay based on purified type I collagen would bind VWF 
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Rgure 2 Favaloro's VWRCB hypothesis no. 2: "The ability of an optimized VWRCB assay to both identify HMW VWF and 
produce acceptable assay performance in terms of endcolor generation and well-to-well reproducibility results from a net 
balance of optimizing the dual requirements of detecting an acceptable level of binding of plasma VWF to collagen as well as the 
discrimination of HMW VWF by limiting the net affinity of this binding." The illustration shows simplified hypothetical 
representations of the binding of different molecular weight forms of VWF to collagen coated onto wells of an ELISA plate 
in a VWF:CB assay. Note that VWF will bind to collagen type 111 with high affinity but to collagen type I with low affinity. (A) All 
molecular weight forms of VWF might theoretically bind to ELISA wells coated with purified type III collagen, and the high- 
affinity binding will survive the rigors of an ELISA assay to generate a high degree of optical color generation, with excellent 
welko-well reproducibility but comparatively poor HMW VWF sensitivity. (B) The poor VWF binding affinity of type I collagen 
will permit only tfm very HMW VWF forms to bind, with very few of these bound molecules able to survive the rigors of an 
ELISA essay— this would generate an essay with variable HMW sensitivity, a low and variable degree of optical color 
generation, and very poor well-to-well reproducibility. (C) In a type l/lll collagen mixture-coated VWF:CB system, the high- 
affinity binding of VWF to type III collagen is moderated by the presence of typB I collagen, which in essence acts like spacer 
arms; this would generate an assay with good HMW sensitivity but an intermediate degree of optical color generation 
and intermediate well-to-well reproducibility. Although acceptable performance can be obtained after assay optimization, it 
is doubtful that the latter two properties can match those of a purified type III collagen-based VWRCB, and this will raise 
issues for commercial kit manufacturers. On thB other hand. It is unlikely that the HMW sensitivity of a type l/lll collagen 
mixture-based VWRCB will be matched by an assay based on purified type 111 collagen. 



very poorly, so poorly that only the very HMW forms of 
VWF would bind. This would theoretically yield an 
assay highly sensitive to HMW VWF. However, be- 
cause type I collagen binds VWF so poorly, very little of 
the VWF initially attached will iikcly survive the rigors 
of the ELISA assay. Hence, this would not provide for 
a very robust assay and would ultimately yield poor 
end-color generation and very poor reproducibility. 
VWF:CB assays based on type I/IH collagen mixtures 
will provide something in between, and an optimized 
VWF:CB assay is one that is optimized for discrim- 
ination of HMW VWF, but at the same time has 



acceptable (but perhaps not perfect) characteristics of 
VWF binding that ultimately permits acceptable (but 
perhaps not perfect) optical visualization (i.e., end-color 
generation) and acceptable (but perhaps not perfect) 
assay reproducibility (Fig. 3). 

It is interesting that a mixture of around 95% type 
1/5% type m collagen seems to work best for this dual 
requirement. 2 Moreover, it jb actually quite likely that 
most of the VWF binding in the type I/HI collagen 
mixture-based assay is actually accomplished via the type 
III collagen. The type I collagen may simply act like 
"spacer arms," to reduce the overall interaction of the 
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Figure 3 Favaloro's VWF:CB hypothesis no. 3: 'The affinity of a collagen to VWF is inversely proportional to its ability to 
discriminate HMW VWF." The fllustration shows a simplified hypothetical representation of the relationship between the 
affinity of collagen binding to VWF, the ability to obtain end-color generation and welko-well reproducibility, and the ability to 
discriminate HMW VWF. High-affinity binding of type III collagen will result in high end-color generation and high well-to-well 
reproducibility but relatively poorer HMW VWF discrimination. Low-affinity binding of type I collagen will result in HMW VWF 
discrimination but relatively poor or highly variable high end-color generation and welko-well reproducibility. An appropriately 
optimized VWF;CB assay using a type l/lll collagen mixture will balance these properties to generate an assay that has 
acceptable HMW VWF discrimination and acceptable end-color generation and well-to-well reproducibility. 



presenting VWF to predominately that with type HI 
collagen (as depicted in Fig. 2). What this means in 
practice, then, is that LMW forms of VWF cannot bind 
to the collagen, or if they do bind, they bind with low 
affinity to the predominant type I collagen, and after 
assay equilibrium would either be replaced by the HMW 
VWF forms or else would be washed away during the 
ELISA procedure. In contrast, HMW VWF can bind, 
and the larger the VWF molecule, the more likely it 
is able to bridge several type III collagen molecules and 
to also withstand the rigors of the ELISA assay (hence 
the ability of a type I/HI collagen mbcture-based 
VWF:CB to discriminate HMW VWF). It is also likely 
that any success so for attributed to the use of "purified" 
type I collagen-based VWF:CB assays is actually due to 
small amounts of "contaminating" type IH collagen — 
after all, even 1% "contaminating n type HI collagen will 
provide some significant additional VWF binding to such 
an assay. Although type HI collagen will also likely bind 
HMW VWF better than LMW VWF (and hence assays 
based on purified type HI collagen will have some HMW 
discriminatory capacity), the comparative proportion of 
HMW/LMW VWF bound within a given VWF:CB 
assay is likely to be higher in a more selective VWF:CB 
assay (Le., using a type I/IH collagen inixture product). 

So, let us paraphrase the above one last time for 
emphasis; what laboratories require to dGsaiminate 
HMW VWF forms is an assay that binds VWF, but 
one that binds VWF only moderately well, so that it will 
preferentially bind only the largest and most adhesive 
forms of VWF. Hence our ongoing recommendation for 



the selection of a type I/HI collagen mixture, as this 
seems to work best. Indeed, laboratories already have 
assays that bind VWF extraordinarily well — they are 
called VWFiAg assays. 

THUS, CAN THE VWRCB ASSAY REPLACE 
THE VWF:RCO ASSAY, AND IF NOT, WHY 
NOT? 

I have mentioned that this is one of the questions that I 
am most regularly asked, and the simple answer is no, 
the VWF:CB assay cannot replace the VWF:RCo assay 
per se. However, if used as a part of a laboratory test 
panel and with the right strategies in place, the 
VWF:CB assay can replace some of the need to perform 
VWF:RCo testing. As mentioned at the beginning of 
this article, our laboratory originally investigated the 
utility of the VWF:CB assay with the view to poten- 
tially replacing our laborious and highly variable 
VWF:RCo assay. Some IS years on, we continue to 
use the VWF:RCo assay, albeit not for all patient 
investigations. There are two main reasons we still 
retain the VWF:RCo assay: first, despite its previously 
noted limitations (time intensive, poor assay reprodu- 
cibility, poor low VWF level sensitivity), it remains a 
useful assay to confirm VWF dysfunction in type 2 
VWD such as types 2A and 2B VWD, and second, it is 
a critical assay should the laboratory wish to identify or 
discriminate the main (platelet-binding dysfunction) 
presentation of type 2M VWD. We need to remember 
that the VWF:RCo and VWF:CB do not detect the 
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same adhesive VWF function; the former reflects 
the functional ox adhesive ability of VWF to bind to 
platelets (via the glycoprotein lb/DC receptor), and the 
latter reflects the functional or adhesive ability of VWF 
to bind to subendothelial matrix components (i.e., 
collagen used as surrogate). Thus, although each assay 
can be used to help identify the loss of HMW VWF 
that might be present in types 2A and 2B VWD or to 
identify the presence of HMW VWF that might be 
normally present in normal plasma or plasma from 
type 1 VWD, each assay also has the potential to 
differentially identify different inherent VWF defects 
presenting in type 2M VWD. 

Although we do not consider it appropriate to 
replace the VWF:RCo assay with the VWFrCB testing 
per se, at the same time we no longer consider it 
appropriate to use only the VWF:RCo assay as the 
sole functional phenotypic VWF assay. It has already 
been mentioned that the VWF:RCo assay has high 
relative intraassay and interassay variability and that 
this variability is generally greater than that observed 
for VWF:CB assay. It has also been noted that the 
consequence of using the combination of VWFrAg and 
VWF:RCo as the only VWF assays to screen for the 
possibility of VWD is that a significant number of "true- 
positive" individuals will be missed or misidentified and 
several "false-positives" will also be identified, and that 
adding the VWF:CB assay to the test panel will reduce 
these diagnostic errors. However, we now additionally 
need to recognize the probability of VWD mutations 
that will differentially be identified by testing with 
VWF:RCo assay or with VWF:CB assay. 8 ' 11 ' 1 * Most 
of these will sit within a type 2M VWD classification. 
Most cases of type 2M VWD so far described are those 
that show an inherent defect of VWF binding to platelet 
glycoprotein Ib/IX and hence have been identified 
from discordance in VWF:RCo to VWFrAg (i.e., low 
RCo/Ag ratio, with fairly normal CB/Ag if VWF:CB 
testing also performed). Although cases of type 2M 
VWD characterized with abnormal VWF binding to 
collagen (i.e., low CB/Ag) but with fairly normal 
VWF binding to platelet glycoprotein lb/DC (i.e., normal 
RCo/Ag) have been described, this is a rare finding. 
What is not known is if these are truly rare cases or 
whether these cases fail to be identified simply because 
the more typically used screening panel of VWFrAg and 
VWFrRCo assays would merely fail to identify them. 

Although we would prefer to use the more com- 
prehensive test panel of VWFrAg, VWF:CB, FVULC, 
and VWF:RCo assays to screen all cases being investi- 
gated for VWD, testing and starring realities prevent this 
from occurring in practice within most laboratories. 
Indeed, of 55 current participants of the external quality 
assurance program (QAP) that is most used within our 
geographic locality (the RCPA QAP), most do not 
perform very comprehensive test panels. 10 ' 16 This is 
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despite most of these laboratories being actively involved 
in testing patient samples for possible VWD, and despite 
the RCPA QAP having the largest proportion of 
VWFrCB testing laboratories (around 50% of partici- 
pants) when compared with other comparable QAPs 
(which range from < 5% in the United States to some 
25% in Europe). 16 Around 20% of current RCPA QAP 
participant laboratories have a very limited test panel (e.g., 
only FVULC and VWFrRCo 0=1], or FVULC and 
VWFrAg [7i = lQ]). Furthermore, although around 
80% of RCPA QAP participant laboratories perform 
VWFrAg, FVULC, and at least one VWF functional 
assay, the actual VWF panel used varies widely. The 
VWF test panel of VWF:Ag and VWFrRCo only is 
used by 11 (21 2%) laboratories, VWFiAg and VWFrCB 
only by 5 (9.6%) laboratories, and VWFiAg, VWFrRCo, 
and VWF:CB used by 16 (30.7%) laboratories. In 
other words, despite the VWF test panel of VWFrAg, 
VWF:RCo, and VWFrCB being that currently preferred, 
less than a third of laboratories in our geographic locality 
do so, with most laboratories either replacing the 
VWFrRCo with another functional VWF assay such 
as VWFrCB or else abandoning the assay altogether. 
Although comparative data from other geographic local- 
ities is lacking, we might expect that such trends will most 
likely continue elsewhere, given the noted issues with 
VWFrRCo testing, and the tempting comparative ease 
of testing using potentially "alternate" functional VWF 



It has already been noted that a VWF test panel 
including the VWFrCB will tend to misidentify cases of 
type 1 or type 2 VWD far less often than a VWF test 
panel using VWFrRCo only as functional VWF assay. 
However, a VWF test panel of VWFrAg and VWFrCB 
might potentially misB platelet-binding dysfunctional 
type 2M VWD cases. At least it will, in theory; in 
practice, our current view is that a VWF test panel of 
VWFrAg and VWFrCB can be used to screen for such 
type 2M VWD cases, as all cases of type 2M VWD bo far 
reported have shown VWFrAg and/or VWFrCB levels 
of <75%. Accordingly, if a laboratory determines a 
consistent finding of VWFrAg and VWFrCB of say 
> 75%, then this finding could be used with a high 
degree of confidence to exclude type 2M VWD. 

This was our laboratory's view after a review of the 
literature as of 2002 4,n and still remains our view after 
an update of the literature review. In brief, there arc 
several individual reports of type 2M mutations, as well as 
several large-scale studies limited to phenotypic testing 
with VWFrAg and VWFrRCo. More recently, however, 
several large-scale studies have also been reported that 
have included genetic testing, plus phenotypic testing 
with VWFrAg, VWrRCo, and in most cases VWFrCB. 
The available data has been replicated in Fig. 4. As can be 
seen, when reported, VWFrCB values have invariably 
been < 75% and are much more typically reported in the 
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Assay parameter 

Figure 4 Summary of recently published phBnotypic data from genetically confirmed cases of type 2M VWD showing 
reported results, where available, for VWF:Ag, VWRRCo, and VWF:CB assays plus ratios of CB/Ag and RCo/Ag. CB1 indicates a 
VWRCB based on type I collagen (or ?type l/lll collagen mixture); CB3 indicates a VWF:CB based on type ill collagen. (Region 
C1 shows data for cases with mutation found and confirming type 2M VWD; region C2 for remaining cases with no mutation 
found but where type 2M VWD was thought feasible given phenotypic data}. No case of confirmed type 2M VWD has ever been 
identified with VWRAg and VWRCB below 75%. (Data from Penas N, Perez-Rodrfguez A, Torea JH, et al. Wfllebrand disease 
R1374C: type 2A or 2M? A challenge to the revised classification. High frequency in the northwest of Spain [Galicial. Am J 
Hematol 2005;80:188-196 [region A of figure); RlddellAF, Jenkins PV, Nitu-Whalley IC, McCrewAH, Lee CA, Brown SA. Use of 
the collagen-binding assay for von Wlllebrand factor in the analysis of type 2M von Willebrand disease: a comparison with the 
ristocetin cofactor assay. Br J Haematol 2002;116:187-192 [region B of figure]; James PD, Notiey C, Hegadorn C, Poon MC, 
Walker I, Rapson D. Association of Hemophilia Clinic Directors of Canada, Liliicrap D. Challenges in defining type 2M von 
Willebrand disease: results from a Canadian cohort study. J Thromb Haemost 2007;5: 1 914-1 922 [regions C1 and C2 of figure].) 



abnormal assay range. VWRAg data are also typically 
reported in the abnormal assay range, although occasion- 
airy normal. Although there have been two isolated 
reports of VWRAg above 75%, there has never been a 
single case of platelet-binding dysfunctional type 2M 
VWD described with values ofVWRAg and VWRCB 
above 75%. Moreover, in the comprehensive type 1 
VWD study reported by Goodeve et al, the group of 
cases that could potentially be redefined as type 2 VWD 
yielded VWRAg values in the range 5 to 74%, and 
VWRCB values in the range 4 to 23%. 18 

CAN THE VWRCB ASSAY BE USED TO 
ABROGATE THE NEED TO PERFORM 
MULTIMER TESTING? 

Interestingly, although the VWF:CB assay has not 
replaced the VWRRCo assay within our laboratory, 
it has instead largely abrogated the need to perform 
routine multimer analysis in the vast majority of cases 
under investigation. That is, the VWRCB assay, 
specifically sensitive to the presence of HMW VWF, 
as part of a comprehensive test panel inclusive of 
FVni:C, VWRAg, and VWRRCo, and RIPA testing 
and/or VWRFVIIIB where indicated, can usually 
replace the need to perform VWRmultimcr testing, 
as such testing will generally just act to confirm the 
findings of the previously performed phenotypic tests 
and will not otherwise better or more definitively 
characterize most patients, nor will the outcome of 



multimer investigation usually influence differential 
clinical management. 

This is generally true o£ 

• Type 1 VWD, which can be appropriately diagnosed 
by reproducible low but concordant levels of plasma 
VWF using the three phenotypic assays (Le., 
VWRAg plus VWRCB plus VWRRCo all low and 
concordant on several test occasions); performance of 
multimcrs will simply be a confirmative assay and 
show reduced intensity with normal banding patterns. 

• Type 2 VWD, which is generally identified by dis- 
cordance in plasma phenotypic patterns (i.e., 
VWRAg plus VWRCB anaVor VWRRCo for types 
2A, 2B, and 2M VWD; VWRAg plus FVIHrC for 
type 2N VWD). Although types 2A, 2B, and 2M 
might give perceptually similar patterns in phenotypic 
studies (i.e., discordance of VWRCB and/or 
VWRRCo with VWRAg), type 2B can be readily 
distinguished from types 2A and 2M by performing a 
RIPA assay and identifying low-dose ristocetin re- 
sponsiveness. Type 2A VWD cannot be conclusively 
distinguished from type 2B VWD by using a multi- 
mer assay. Although types 2A and 2M VWD can be 
distinguished by multimer analysis, such discrimina- 
tion is generally clinically irrelevant in regard to 
therapy and management, and as stated previously, 
most cases of type 2M VWD are platelet-binding 
dysfunctional and hence tend to also show low RCo/ 
Ag but reasonably normal CB/Ag, whereas type 2A 
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VWD will tend to show both low RCo/Ag and low 
CB/Ag. Types 2A and 2M VWD can also be dis- 
tinguished from type 1 VWD, which will show 
normal RCo/Ag and normal CB/Ag. We would 
propose a DDAVP trial might be more beneficial 
than performance of multimers for the further inves- 
tigation and characterization of possible types 2A, 
2M, and 1 VWD, as it will help both better character- 
ize the defect and also provide information regarding 
possible therapeutic approaches and their limitation. 
Finally, multimer assessment will not help identify 
type 2N VWD, which requires performance of a 
specific VWF:FVmB assay. 
• Type 3 VWD, which can be appropriately diagnosed 
by reproducible absence of detected plasma VWF 
using the three phenotypic assays (i.e., VWFiAg 
plus VWF:CB plus VWF:RCo all show an absence 
of VWF and this result is reproducible on several test 
occasions); performance of multimers will simply be a 
confirmative assay and show a similar absence. 

This viewpoint is supported by a retrospective 
assessment of comparative multimer patterns against 
phenotypic patterns in our laboratory using a 2-year 
data period where we performed testing for FVTIIrC, 
VWF:Ag, VWF:RCo, and VWFCB and multimer anal- 
ysis on all samples received for testing, and where we 
identified that multimer patterns could invariably have 
been predicted from the presenting phenotypic patterns. 30 
A similar but numerically larger recent study from the 
United States has found similarly, and that performance 
of VWF:CB as part of a panel of tests was able to negate 
the need to perform multimer analysis in the vast majority 
of test cases! 31 Nevertheless, although this was the case for 
these laboratories, it is important to recognize that differ- 
ent geographic localities and patient referral patterns 
could give rise to different conclusions. If patients have 
a significant history of mucocutaneous bleeding, and if the 
investigations using the standard test repertoires are found 
to be "normal," inclusive ofblood counts and morphology, 
VWF and clotting factor testing, plus platelet function 
testing, then multimer testing could be warranted. It is not 
doubted by this author that we will continue to discover 
variant forms of clinically significant VWD with multi- 
mer banding pattern abnormalities reflective of some 
diminished VWF function but otherwise normal using 
the currently standard VWF test repertoire Just as we can 
define VWF abnormalities characterized as type 2M 
VWD and identified only by abnormal VWFrRCo or 
abnormal VWF:CB, it can be predicted that we will 
ultimately also identify VWF abnormalities detectable 
only from abnormal VWF multimer profiles. However, 
these would likely be rare, and for the vast majority of 
patient investigations, multimer analysis can be omitted 
(assuming the laboratory had access to the battery of 
phenotypic tests previously noted). 
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THE LABORATORY EVALUATION OF VWD: 
ONE LABORATORY'S APPROACH 

Although this has been highlighted in several reviews, a 
brief synopsis here might be of final additional value and 
follows on from the above discussion. Our initial ap- 
proach to the laboratory investigation of VWD in a 
given patient is generally dependent on three main 
points; (1) the level of clinical and family history made 
available to us, (2) whether the patient is referred to us by 
a hematologist versus a non-hcmatology specialist or 
generalist clinician, and (3) whether the patient presents 
to us personally or else is sent to us as a referred plasma 
sample. We tend to take investigations further when 
they present to us personally or when they are referred to 
us by hematology specialists and/or have convincing 
clinical histories inclusive of strong personal histories 
of mucocutaneous bleeding. In this case, we have a 
greater incentive to investigate more extensively as well 
as having access to whole blood, and thus our standard 
plasma-based VWF test protocol might be supple- 
mented with blood counts and morphology, blood 
grouping, and platelet function testing (either classic 
aggregation, PFA-100 closure time, or both, depending 
on the history, sample availability, and time availability; 
Jig. 5). For subsequent investigation, or for investigation 
of frozen plasma samples referred to us, our standard 
plasma-based VWF test protocol is employed, with 
follow-up suggestions depending on laboratory findings. 
Our standard VWF test protocol comprises FYTILC, 
VWF:Ag, and VWF:CB testing. If no clinical history is 
provided to us, and all test results are convincingly 
normal (Le., >75%), then no further testing is per- 
formed by us (including VWF:RCo). The rationale here 
is that such convincingly normal (i.e,, > 75%) test results s 
should exclude all currently identifiable cases of VWD, 
including all types 1, 2A, 2B, 2M, 2N, and 3. 

If any assay value falls below 75%, then there is a 
need to perform some follow-up. If the level of VWF 
detected by VWF:Ag and VWF:CB is significantly low 
but proportionally similar, then type 1 VWD or type 
2M VWD cannot be excluded and VWF:RCo is 
performed (to help discriminate types 1 and 2M 
VWD), and repeat testing is also recommended. If 
VWFrAg and VWF:CB assay results are discordant, a 
type 2A or 2B VWD defect is possible, and this also 
requires some follow-up, including VWF:RCo assay, 
repeat testing, and possibly RIPA analysis. If FVULC 
is proportionally lower than VWF, then either hemo- 
philia A or type 2N VWD is possible and should be 
investigated/discounted (a family history is needed, 
repeat testing may be useful, and a VWFzFVTQB assay 
may also be required). 

Remember that if VWF:RCo is discordant to 
VWF:Ag, but VWF:CB concordant to VWF:Ag, then 
we have a case of either platelet-binding dysfunction type 
2M VWD or of false RCo/Ag discordance (a family 
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Figure B An algorithm that describes our laboratory's current procedure for VWD Investigation. An appropriate clinical history 
is paramount If time is critical, and the patient investigation new, then simultaneous performance of additional tests (e.g., 
routine coagulation tests such as prothrombin time (PT) and activated partial thromboplastin time (APTD, full blood count, and a 
platelet function screen such as the PFA-10Q) may also be warranted to assess the likelihood of other hemostatic disorders or 
thrombocytopenia. This algorithm provides a general guide only; all patients are individuals and should be treated as such. This 
VWD investigation process should enable the initial identification of all forms of VWD and at conclusion an appropriate 
classification. 



history is needed and repeat testing may be useful). 
Although multxmers can be performed to distinguish 
types 2A and 2M VWD, this can usually be omitted as 
these patients are generally treated identically by clinical 
therapy. A DDAVP trial might be useful to help distin- 
guish these VWD subtypes but will often show limited 
therapeutic utility, and VWF concentrates are typically 
employed to manage these patients. As already meny 
tioned, most cases of type 2M VWD arc platelet-binding 
dysfunctional and hence will tend to show low RCo/Ag 
but reasonably normal CB/Ag, whereas type 2A VWD 
will tend to showboth low RCo/Ag and CB/Ag, and type 
1 VWD will tend to show normal RCo/Ag and CB/Ag. 



in conjunction with the VWF:RCo and VWFiAg assays, 
may provide additional useful pharmacokinetic data in 
future studies evaluating the clinical utility of VWF 
concentrates. 32 ' 33 We also propose the potential utility 
of CB/Ag and "RCo/Ag ratios as providing markers of 
delivered VWF functionality in such studies. We also 
propose that the VWF:CB assay and ratios of CB/Ag 
and RCo/Ag be given consideration for labeling of 
VWF concentrates used for therapy in VWD. 34 
Finally, we propose that the VWF:CB is a useful marker 
of DDAVP responsiveness in patients given this drug as 
therapy. 35 " 37 



UTILITY OF THE VWFrCB ASSAY FOR 
MONITORING THERAPY IN VWD 

This has been the subject of several articles from our 
laboratory and will thus only be briefly summarised here 
for completeness. We propose that the VWF:CB assay, 



STANDARDIZATION ISSUES AND 
CONCLUDING COMMENTS 

Standardization of VWFrCB assays has also been 
extensively discussed in previous articles from our 
laboratory. 4 ' 38 Our laboratory continues to drive toward 
standardization of VWF:CB assays using type I/HI 
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collagen mixture-based products for VWD diagnos- 
tics for the reasons previously noted, and this also 
appears to the view of other experts. 5,39 With respect 
to factor, concentrate testing, labeling, and standard- 
ization, we would also support standardization using a 
type I/HI collagen-based VWF:CB assay, and again 
this also appears to the view of other experts. 5, ,41 
We reiterate that the use of different collagen sources 
as coating material for VWF:CB assays plays a critical 
part in this assay's ability to discriminate HMW forms 
of VWF or else to fail to discriminate these forms. 2 
Standardization of VWF:CB assays should be toward 
an assay that both discriminates HMW forms of 
VWF as well as provides an adequate framework to 
permit a sufficient overall level of VWF binding that 
can be confidently and consistently deterrnined on an 
assay-to-assay basis. We hope that the evidence and 
our arguments in support of a type I/HI collagen 
mixture are convincing enough to find favor with 
clinical laboratories, the commercial manufacturers, 
and their regulators. For commercial manufacturers, 
we need to be persuasive to both the manufacturers 
of the VWF:CB assay kits and the manufacturers of 
VWF concentrates. Otherwise, both may continue to 
have a preference for, or otherwise show a bias toward, 
the use of purified type III collagen-based VWF:CB 

33,38 

assays. r 



ABBREVIATIONS 



Ag/CB 


ratio of VWF:Ag to VWP.CB 


Ag/RCo 


ratio of VWFiAg to VWF:RCo 


APTT 


activated partial thromboplastin time 


CB/Ag 


ratio of VWF:CB to VWFiAg 


CV 


coefficient of variation 


DDAVP 


desmopressin 


ELISA 


enzyme-linked immunosorbent 




assay 


HMW 


high molecular weight (VWF) 


IMW 


intermediate molecular weight 




(VWF) 


LIA 


latex immunoassay 


LMW 


low molecular weight (VWF) 


PT 


prothrombin time 


RCo/Ag 


ratio of VWFrRCo to VWFiAg 


RIPA 


ristocctin-induced platelet 




agglutination 


VWD 


von WiUebrand disorder/disease 


VWF 


von WiUebrand factor 


VWFtAg 


von WiUebrand factor antigen 


VWF:CB 


von WiUebrand factor collagen 




binding capacity 


VWF:multimers 


multimer assessment or structural 




profile for VWF 


VWFrRCo 


von WiUebrand factor ristocetin 




cofactor activity 
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BC von Willebrand Reagent 



Exhibit C 



Specimen Collectron^n (I Preparation 

To separate the plasma, mix 1 part sodium citrate solution (0.11 mol/I) 
with 9 parts venous blood, taking cam to avoid the formation of foam. 
CentnTuge Immediately at no less than 1500 x g for at least 10 rnin. 
remove the supernatant plasma, and keep at+15to +25°C until required 
In the assay, or store deep-frozen. 
Stability of the specimen: 
6 hours at +1S 10+25*0 

1 month at -20 to -30°C 

Method 

Procedure 

Procedure on the Behring Coagulation System (BCS) and the Behrtng 
Coagulation Timer (BCT): A special Instruction manual tor the BCS 
and the BCT Is available. 

On the BCT, ensure that the reagent vial Is provided with a magnetic 
stirrer and placed Into reagent well 1 or 3. if an analyzer without a 
stlrrerwetl is used, ensure that the reagent Is resuspended by shaking 
for not more than 30 mln. 

Internal Quality Control 

Normal Range: Use Control Plasma N 

Pathological Range: Use Control Plasma P 

Suitable controls must be run for each vial of the reagent (e.g. Control 

Plasma N, Control Plasma P). If the control Is repeatedly outBlde the 

assigned range, recalibrate, The measurements are to be run in 

duplicate. The analytical value obtained must be within the assigned 

range given for the control in the lot-dependent table of values. 

Results 

The ristocetin cofactor activity is expressed in % of the norm. 
Limitations and Interferences 

In some cases of type DB von Wfliebrand's disease, normal or borderline 
ristocetin cofactor activities were reported'. Treatment of patients with 
FVIII: c concentrates or DDAVP (1 -deamino-{8-D-arginineJ-va5opTessln) 
may raise ristocetin cofactor activity levels in patient plasma 1 . 

Expected Values 

Each laboratory should establish Its own reference range, values below 
the established reference range can be considered to be an indication 
of von WDlBbramfe disease. 

A dependence on blood group (ABO type) and age of von Willebrand 
Factor levels has been reported 3 . 

Specific Performance Characteristics 

Precision 

Over a five day period, precision studies (one run per day in replicates 
of eight) were performed by assaying normal and pathological control 
plasmas. For normal control plasmas (n = 60), the within-run precision 
ranged from 6.0 to 8.6%, while the total precision ranged from 8.0 to 
10.3%. For pathological control plasma (n =80), the withln-run precision 
ranged from 6.1 to 16.2%, while the total precision ranged from 7.6 to 
163%. 

Method Comparison 

A method comparison study was performed with the BC von Wille- 
brand Reagent and another commercially available assay. A total of 
70 patient plasma samples (35 normal and 35 abnormal) were tested 
by both methods. Regression analysis determined a correlation 
coefficient of 0.94. a y-lntercept of -4.4, and a slope of 0.97. 
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for the determination of ristocetin cofactor activity 
Intended Use and Application 

In vitro diagnostic reagent for determination of the ristocetin coractor acfiviry of 
vonWaiebrand factor in human plasma using he platelet agglutmation method. 



Summary and Explanation 

Von Willebrand disease Is a common autosomal human bleeding disorder 
caused by the defective synthesis or function of the multimeric von Wille- 
brand Factor, Von Willebrand Factor is present In the plasma in the form of a 
complex with F VIII. Von WBlebrancTs disease is the most common congenital 
bleeding disorder. It has an autosomal dominant mode of inheritance. There 
are at least six different forms: I, HA, IIB, 111, hemophilia-type, and platelet- 
type. The variants are dflferentiated on the basis of a panel of laboratory 
tests that Include the bleeding time, platelet count, partial thromboplastin time, 
von Willebrand activity and antigen, Factor VIII levels, ristocetin cofactor 
activity, and von Willebrand muftimeric composition'. 
The BC von Willebrand Reagent Is used for the determination of von Wille- 
brand factor ristocetin coractor activity to aid In the diagnosis of von Wille- 
brand disease and of diseases with changes In the ristocetin cofactor 
activity, such as vascular endothelial lesions, Inflammations, and 
preoperative screening of bleeding tendency. 

Principle of the Method 

The Dade Behring Marburg GmbH BC von Willebrand assay measures 
ristocetin coractor activity as follows: von Willebrand factor (ristocetin cofactor) 
from the sample causes agglutination of stabilized platelets (provided by the 
von Willebrand Reagent) In the presence of ristocetin. Trie resulting 
agglutination decreases the turbidity of me reaction suspension. A coagulation 
Instrument measures the change In absorbance and automatically determines 
the sample's ristocetin coractor activity In % of thB norm. 

Reagents 

Materials provided 

Code No. OUBD: 5 x for 4 ml of BC von Willebrand Reagent 
Composition 

The BC von Willebrand Reagent contains stabilized platelets, ristocetin 
and EDTAIn lyophilized form. 
Preservative: sodium azkle (max. 0.5 gfl) 

Warnings and Precautions 

1. For In vitro diagnostic use only. 

2. Reagents containing sodium aside must be handled with due caution: 
Do not Ingest or allow to contact skin or mucous membranes! Sodium 
azide can form explosive azides when contacting heavy metals such 
as copper or leadl 

3. Each individual blood donation for use in manufacture of BC von Wille- 
brand Reagent is tested for hepatitis B surface antigen, anti-HCV, anti- 
HIV1 and anti-HIV2. Only donations with negative findings are used 
for manufacture. Nevertheless, since absence of Infectious agents 
cannot be proven, all materials obtained from human blood should 
always be handled with due care, observing the precautions 
recommended for blohazardous matenal 3 . 

Preparation of the Reagent 

Resuspend the reagent in the labelled quantity of distilled water at -1-15 to 
+25°C by shaking (e.g. on en automatic shaker). The reagent Is 
immediately ready for use. 

Storage and Stability 

Store the reagent unopened at +2 to +B"C and use by the expiry date 
given on the label. 
Stability after reconstitution: 
81+210+8*0 2 days 

at +1 5°C (opened container) 8 hours 

Materials Required But Not Provided 
Standard Human Plasma, Code No. ORKL 
Control Plasma N, Code No. ORKE 
Control Plasma P, Code No. OUPZ 
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